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INTRODUCTIO 
. In the citrus industry the importance of losses from low temperatures is 
Widely recognized and the protection of orchards as much as practicable is now 
generall y admitted to be one of the essentials of success. 
I" Although the ora nge section in Plaquemines Parish is favored with a mild 
~ t~atc, wi nter and spring temperatures sufficiently low to cause damage to 
rui.t crops are occasionally experienced. All weather records from the earliest 
~Vail able reports indicate that light freezes occur regularly. When the produc-
bon ~as small , the losses caused by freeze injury . were not of great magnitude, 
. ~ since production of oranges in Louisiana has become an important commercial 
;n ~~t.ry , losses from freezes have become exceedingly important. There are no 
OCa ities in Louisiana that are free from winter and spring frosts. 
c 1%reeze i
njury seems to be the g reatest limiting factor in the area, and if this 
aou cl .be .con trolled oranges could be produced in several more northerly Louisi-
0 na istncts. These experiments were designed to test the efficiency and econ-
my of heating an orcha rd under 5outhern Louisiana conditions. 
c The growers will also be able to apply the orchard heating methods to such 
0rops ~s beans, tomatoes, eggplants, Easter lilies, and other tender crops. The 
r:erations would be too expensive for most of these crops if heat was required 
ore than th ree to five times. Easter lilies may be heated as profitably as oranges. 
EARLY H ISTORY OF ITRUS I !OUSTRY I LOUISIANA 
stat The citrus industry in Louisiana is localized in the southern part of the 
nu e mostly along the Mississippi River in Plaquemines Parish .. There are 
of Ler~~s small plantings of citrus, chiefly atsumas, throughout the lower half 
du .ouisiana, but these are not of any great commercial significance. The pro-
setbtio~ of ora nges in Plaquemines Parish has steadily increased despite several 
mo ac s due to freezes and diseases. Oranges have been grown in Louisiana fo r 
littl:e t~an ~ ~O years. T here are few records concerning the early history. Very 
and a ve_rt1s10g was done prior to 1900; the industry, however, seemed to grow 
remain profitable on sa les within the state. 
usu ~i° the .ea rly days only the so-called "sweet" seedlings were planted. It 
cro; Y1 required from 
five to seven years for seedling trees to produce a paying 
of h~nd1· many ~ases the trees were left to take care of themselves. The method 
in I 1n.g frun was rough. The oranges were pulled from the tree and put 
arge piles on the ground, often remaining a week, then carted to a lugger 
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and shipped to ew Orleans. They were packed in barrels when they reached 
ew Orleans. Much of the fruit spoi led before reaching its destination. 
It was in about 1878 that budding was introduced into the district. Budded 
trees yielded a paying crop in three or four years . Oranges were packed rn 
boxes and labeled for the first time during 1890-95. The first packing slied was 
erected in 1893, and Louisiana oranges were shipped to Northern markets. 
There was a great need for information on various cultural practices, such 
as cultivating, spacing, ferti li zing, and protecting the trees from freeze injury. 
The need for protection against cold was recognized at an eaerly date. It is 
reported that the industry was killed out completely in 1835. The groves were 
replanted on a still larger scale and production increased steadily u11til 1895, at 
which time a freeze killed the young trees and injured the old trees very badly. 
In 1899 the industry was completely destroyed by a blizzard that lasted three 
days. The temperature in the orange area dropped to 6°F. and the wind ve· 
lociry reached a maximum of. 35 miles per hour (Fig. 1 ). The records, there· 
fore, show that the question of damages due to weather conditions in citrus pro· 
duction is not a new one. 
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Some few growers used precautions against cold injury. The most comrn°0 
method, commonly known as banking, was to put a mound of soi l around the 
base of the tree. Other methods involved the use of sheds, oi l pots, fire baskets, 
windbreaks, and flooding. The latter was used on several occasions in the Lake: 
Charles area about 1900. Protection of orange tree against freeze injury has 
never been practiced on a large cale in Louisiana. 
It is generally known that citrus is ery susceptible to freeze injury, es· 
pecially so since the trees do not have definite rest periods as pecan trees ha".'' 
Growth may take place whenever the weather conditions are favorable, and .;~ 
th,. fl' 1jority of cases the winter and early spring conditions are suf6ciently rn• 
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to cause the orange trees to grow before the danger of frost is passed. Occasion-
~lly there are freezes in ovember that damage the tender twigs and foliage 
efore they become hardened. When there are mild periods in late winter 
and the early spring months, losses may arise from the killing of a part or all 
of the fruit-bearing wood. These low temperatures may so impair the useful-
nes~ of young trees as to render them practically worthless, sometimes even re-
sulting in death. 
The average value of the orange crops from 1928 to 1936 was $460,000 an-
~ually. The statistics on production in Louisiana, Table l , show large reduc-
~ons from one year to another, even though constant plantings have been made. 
ro~uction figures show decreases in five of the last thirteen years. These re-
ductions are due in part to the spring freezes during £lowering season. There ~ave been no severe freezes during recent years to kill the trees of bearing age, 
owever. Even though it may not be realized by growers, the periods of low 
temperature that regularly destroy a small per cent of the orange crop are 
probably far more important than heavy freezes that completely wipe out the 
industry once or twice each century. 
TABLE 1. LOUISIANA FARM PRICE, PRODUCTION, AND VALUE 
Year 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
OF OR ES 
Price 
per box 
(dollars) 
2.20 
2.70 
2.60 
4.00 
3.00 
3.35 
2.05 
1.75 
l.25 
l.00 
1.25 
2.05 
2.10 
1.87 
Production 
( 1000 bu.) 
37 
42 
50 
60 
75 
7'5 
100 
150 
200 
220 
187 
2 7 
245 
27 
245 
293 
244 
309 
237 
Actual 
value 
(1000 dollars) 
115 
93 
147 
137 
144 
165 
270 
390 
800 
660 
626 
588 
429 
348 
245 
366 
500 
649 
428 
· There are few temperature records of the orange section. study of the 
~e~ords at Lawrence, a few miles to the north and of Burwood, a marine station 
ew mil es south of the area, shows that many of the freezes extend throughout 
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the orange section. A detailed temperature survey is a primary requisite in 
work of this nature. Minimum temperatures are the most important, but the 
duration below critical points should be known also; and, si nce tree dormancy 
affects the amount of damage caused by a given low temperature, the maxim um 
temperatures are valuable. 
LOCA TIO OF EXPERlMENT 
The orchard heating experiment was located about six miles from N ew 
Orleans on the west side of the Mississippi River in the Belle Chasse area. The 
river is approximately two miles from the orchard, and there are no large bodies 
of water dose enough to affect the temperature of the area. This site was chosen 
because of the possibility of obtaining more immediate results as the section is 
much colder and presents somewhat of a border climate for orange production. 
EXPERIMENT AL PRO EDUR 
The purpose of the experi ment, briefly, was to determine the possibility and 
practicability of protecting orange trees from freeze injury under Louisiana con· 
ditions and to determine the economy of protecting orange blossoms by usi ng 
heaters to prevent injury from frost. An additional aim of the experiment was 
FiG RE 2. TvPF. or 011.. HEATFR ED IN ExP~RtM£NT. I T IS CoNSTRl!Cl"ED FROM A Fivf.· 
GALLON PAINT CAN. OTE PERFORATION IN 5,. , 'K AND SMAl.I. I lm.i, lN ToP •·OR Alfi ~" 
Wrn H FLAMF. A R E R r.cuLAnD. 
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to investigate the idea of extending the orange district as far north as the location 
of the experiment. 
Oil heaters made from five-gallon welded paint cans (Fig. 2) have been 
hsed in this experiment at the rate of 100 per acre. A sufficient number of 
eaters per acre were burned to maintain a definite minimum temperature 
throughout the night. Border rows and alternate rows were doubled as a matter 
of . safety during emergencies. These heaters cost about 80 cents each if new 
Pf.aint cans are used, but if old cans are used they can be constructed at a lower 
igure. 
. Hygro-thermographs were placed five feet above the ground at two points 
in. tl:e heated areas and at points north and south of the heated area. Maximum-
1101mum recording thermometers were also placed in the sheds. An automatic 
~ arrn was set up to warn of defi nite minimum temperatures. For example, if 
~t ;;vas desired to begin smudging at 28° F., the alarm was set to ring at about 
0 F. in order to give sufficient time for lighting heaters. 
The main body of the orchard covered about 6.25 acres the first season, the 
trees being set approximately 20 feet in and b~tween rows. The size was in-
creased slightly the second and third seasons. An orchard about three miles 
south was used as a check. The trees were planted the same season and spaced · 
~ 1 milarly. The treatment of the two orchards was the same, except for the heat-
ing. 
b 
During the season of 1935-36, experiments on the protection of tender vege-
ta les were conducted. Vegetables such as peppers, eggplants, tomatoes, Irish 
Potatoes, and snap beans were used . Thi phase of the work was not continued 
on a large scale during the last two seasons. Preliminary tests wi th Easter lily 
Production were conducted the fi nal season. 
1 Sufficient labor was kept on hand to handle the lighting of the heaters and a so for refi ll ing the following day . A large storage tank near the orchard was 
u.~ed to maintai n a reserve supply of oil. The heaters, of course, were fi lled with 
0~ and left in the field throughout the winter and early spring until all danger 
0 frosts had passed. 
f The number of heaters needed, the amount of oil consumed, the duration ~h the heati ng periods, the temperatures inside and outside the heated areas, and 
d'e cost of heating were recorded. Measurements of tree growth in height and 
iarneter were made at the conclusion of the experiments. 
REVIEW OF LITER TURE . 
f A di scussion of the means of protecting against freezes naturally involves 
.acts concerning the physics of the air as well as responses of the fruit trees. It b generally known that the average temperature of the air up to several miles 
fcornes lower with increasing di tance from the earth's surface. This is not 
~ways constant, however, because the temperature is modified by atmospheric 
r r~~sure, cloudiness, and degree of saturation of the air. H eat is constantly 
~ lated from the earth's su rface . This radiation of heat that has been absorbed 
gives ri se to what has been genera!Jy termed temperat11re inversion. T herefore, 
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the temperature near the surface becomes lower, through the loss of heat by 
radiation, than the temperature immediately above. Young (1) found, from a 
study in southern California, on 40 clear nights, that the average minimum 
temperature was 32.5°F. at an elevation of 5 feet, and 40.5 °F. at 40 feet. The 
amount of such temperature inversions varies considerably, being influenced by 
atmospheric conditions and the nature of the previous day. Large temperature 
inver ions occur more often in winter than in summer; and the inversion is 
steeper when the humidity is low than when it is high. Young also reports 
that the most severe frosts in some sections usually follow cold, windy and even 
cloudy days. Chandler (2) states that in some fruit districts of California .it 
seems that local radiational cooling is usually, though not always, responsible 
for killing temperature; with a wind of more than very slight velocity the tern· 
perature rises, or at least does not falt appreciably during such nights. 
Sometimes, however, the air is cooled much more rapidly than would be 
possible by radiation alone. Hollenbeck (3) reports that the wind at the surface 
often shifts to the northeast between midnight and sunrise, and there is a sudden 
drop in temperature, which seems to be a draining in of colder air from a higher 
section :-vhere conditions for cooling by radiation are more favorable. 
Kimball and Young (4) report no benefits from smoke clouds .in protecting 
against frosts and freezes. Young (I) shows considerable ri se in temperature 
in areas heated with smudge pots, and points out that radiant heat may be of 
considerable importance when the winds are too high for accumulative heat 
effects. 
Coit (5) gives an estimate, made by a grower, of the annual cost of heating 
a large lemon grove in California to be $33.34 per acre. Young (1) gives a 
· record for one lemon grove in which the average annual cost of heating per 
acre for six years was $78; in another, the average cost was $26.55. 
ichols (6) reports some notes by Mr. Wood relative to the amount of fuel 
used and costs of heating at Engelman ardens Texas, on three nights during 
the winter of 1934-35. The heaters were burned for a total of 20 hours. Both 
oil and coke were u ed in the experiment. Con idering the labor depreciation. 
and interest on investment, the average cost was $79 per acre. The fuel an? 
operating costs were excessive, owing to inexperience of the crews, type of oil 
used, and cost of coke. 
Winberg, Starcher, and Isbell (7) report that weather conditions affected 
resistance of Satsuma oranges, but all agree that this variety is more resistant tha~ 
other orange varieties. Kimbrough (8) reports that a heavy application of n•· 
trogen late enough in the season to stimulate growth made Satsuma orange uees 
more susceptible to freeze injury. He state that climatic conditions had a far 
greater influence on the condition of the tree so far as cold resista nce was c~n­
cerned. handler (2) found that trees which had been irrigated two weeks prior 
to a freeze were injured more than trees with no irrigation. 
Young (1) has discussed the arious factors which influence the effectivene~ 
of orchard heating. These, in brief, are temperature in\'ersion, the number an f 
placement of heaters in the area, the amount of air movement and the size 
0 
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the area to be heated. English (9) describes the construction and operation of 
the mound orchard heater for Satsuma groves in Alabama. 
. Stockman (10) reported the consumption of one-half million barrels of oil 
1n one night to save fruit in central and southern California. 
There arc no complete records of orchard heating results in Louisiana. 
Moore ( 11) cites the use of artificial heat for orange orchards in Louisiana as 
earl y as 1904. He mentions the use of sheds, oil pots, fire baskets, and wind-
breaks. He succeeded in raising the temperature of an orchard six degrees F. 
by burning 150 fire baskets to the acre. Perkins ( 12) reports beneficial results 
against freezes in the Lake Charles area by flooding . 
EXPERIME T L RESULTS 
. The results of these experiments have been very satisfactory from the stand-
po111t of protecting orange trees from winter and spring freeze injury under 
southern Louisiana conditions. The cost of heating an orange grove as far north 
as the present location , is sufficiently low in most years to be of practical value. 
During the three winters that heating was done, there was a wide variation in 
Weather conditions, particularly in the time of the cold weather, as shown in 
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the average monthly temperature, Fig. 3. The fir t winte r, 1935-36, had num-
e~ous low temperatures in December, January, and February, and the majority 
0 
· the smudgi ng was done in December. There were even nights during this 
~?nth that the temperature dropped to 27°F. or lower. March and April were 
airly mild with no heating being necessary for the oranges . 
. The winter of 1936-37 wa mild until February. The orange trees flowered 
earlier than usual because of the prevailing weather conditions, and were in a 
Very tender condition at the time when several heatings were necessary. Large 
9 
losses from frost injury frequently result from such cases. Young shoots were 
found to be injured by 29°F. and the flowers at slightly above 30°F. It is nec-
essary, therefore, to maintain a minimum temperature higher than 30°F. to pre-
vent injury during these periods. H eating was necessary on nine occasions from 
February 5 until March 18, 1937; conditions were idea l for tes ts in protecting 
orange blossoms against freeze injury. 
The wi nter of 1937-38 was the most satisfactory in determining the maximum 
increase in temperature due to accumulative heat from smudging. The lowest 
temperature during the three winters was recorded on the night of D ecember 
6, 1937, at which time the temperature in the unheated area remained below 
20°F. for 5 Yz hours. The minimum temperature in the hea ted area was 26°F. 
F1GUR 4. ITR s GRovi,. AT BtLLE Cu E PROTECTED A GAINST FnEEZE I JURY. 
P110TocRAPBED AFTER Fou R GROW ING SEASONS. 
On several occasions the orchard temperature was from 10 to 12 degrees F. high-
er than the outside temperature. Orange trees in unheated areas w re defoliated 
and much growth destroyed. There was no damage to the orange trees in the 
heated orchard. · 
The measurements of the height and the diameter of trees of the same age 
in protected and unprotected orchards, made in March, 1939, show s igni fica~t 
differences in favor of the protected trees. The average height fo r the trees 1n 
the heated orchard was 8.34 feet and the average di ameter was 4.22 inches at the 
base. Trees in the unprotected orcha rd averaged 7.78 fee t and 3.24 inches, re-
spectively. These figures, whi le significant, do not show as much difference as 
actually exists. Figure 4 shows the protected trees as contrasted to the unpro-
tected trees in Figure 5. There is a tremendous difference in the volume of the 
trees. The trees in the unprotected plots have been defoli ated by freezes and 
contain far fewe r bea ring limbs than those protected against freeze injury. I~ 
fac t, they have never produced fruit, while the protected orchard has borne fn11t 
for three easons and is now ready to sta rt produ ing a paying crop. 
JO 
An average temperature does not show all of the information necessary in 
W~r~ of this nature. A detailed temperature survey is a primary requisite. ~inimum temperatures are important, but the durations below critical points 
5 
ould be known also; and, since tree dormancy affects the amount of damage 
Pir.uRE 5 ' 
. A FOUR- Y EAR-OLD ORANGE GROVE IN TllE BELLE CHASSE AREA THA1' WAS NOT 
PROTECThD AGAINST FR EEZE INJURY . THE TRE.E HAVE ALL BEEN DE.FOLIATED. 
~~.ed by a given low temperature, maximum temperatures are valuable also. 
b r itrary danger points for the various citrus crops ha e been tated elsewhere, 
w~\ the exact minimum temperature that trees will stand va ries in accordance 
rnlt the hardiness during the period of cold. Table 2 shows the average maxi-Thm and minimum temperatures during the winters of 1935-3 at Belle hasse. 
Pe ~se averages are not comparable from one year to another during the same 
ti rlods. and consequently one cou ld not determine the danger point at a certain 
c~We Without being fam!li.ar with the weath~r conditions preceding ~he per~o? of 
to · .Orange trees suff1c1ently hardened will stand about 25°F. without rn1ury 
twigs and foliage, while g rowing trees ma be injured by 29°F. 
TABLE 2 AVERAGE M THLY TE 1!PER T RE , MAXIMUM-
MINIMUM THREE WINTER , 1935-3 , T BELLE H SSE, LA. !'~-·---------------------
=--- November December January February March 
1935_36 ~---------
70.7 61.3 
1936.37 44.7 35.0 
70.9 67.5 
1937_38 44.5 43.4 
66. l 63.7 
65.0 
43.7 
75.0 
583 
64. 
43.4 
65.7 
43.0 
6 .0 
44.S 
69.5 
48.4 
76.7 
50.3 
70.2 
45.4 
79.0 
57.1 . 
----
44.4 41. 
--------~-----------------
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When the experiment was begun, it was believed that heating would be 
difficult beca use of high winds, as was the case in Alabama and certain other 
sections. It is known that an influx of cold from the north is usuaUy accom· 
panied by fai rl y high winds. The results of these experiments show that, gen-
erally, there is very little or no wi nd during periods of sufficiently low tempera· 
ture for smudging in the orange area of Louisiana. It has also been found that 
slight winds and clouds are beneficial in preventing sudden temperature drops. 
T able 3 shows the average minimum temperatures during the night when heat· 
ing was necessary. Every night during which heating was done is averaged for 
each year. T emperatures from 8:00 P . M. until 8:00 A. M. are figured in the 
average; therefore, heating was not necessarily conducted at temperatures as high 
as the averages. On some nights hea ting was necessary early, while on other 
nights heating was not done until ea rly morning. It was found that the period 
betweeen 2:00 A. M. and 5:00 A. M., or just before dawn, is generally the coldest 
part of the night. 
T ABLE 3. AVERAGE MI IMUM TEMPERATURES AND WIND VE· 
LOCITTES (MILES PER HOUR) DURING NIGHTS OF HEATING FOR 
THREE YEARS AT BELLE CHASSE, LA. 
YEAR HOUR 
8 P.}1. --- --- - - ---- M 10 P.M. 12 Mid. 2 A.M. 4 A.M. 6 A.M. 8 A. · 
1935-36 
Temperature 31.7 29.9 29.2 27.3 2io - 27_7 - 35.0 
Wind Velocity 1.9 1.9 2.4 2.1 2.3 2.4 4.2 
1936-37 
Temperature 37.2 33.8 32.2 29.3 28.3 28.9 42.8 
Wind Velocity 3.2 2.5 1.4 1.1 .6 .8 t.8 
1937-38 
Temperature 33.3 31.0 28.2 27.2 27.9 27.4 36.9 
Wind Velocity 1.9 1.1 1.1 1.9 2.7 1.6 2.4 
1935-38 Average 
Temperature 34.1 31.6 29.9 27.9 27.4 28.0 38.2 
Wind Velocity 2.3 1.8 1.6 1.7 1.9 1.6 2.8 
Wind has not affected the efficiency of heating to any large extent and has 
proved to be favorable in cases where it has become a factor. High winds were 
not experienced during heating periods, but usually prevailed prior to freezes. 
It is realized that certain other sections have very high winds during freezes; 
therefore, the results in this experiment do not contradict findings in those sec· 
tions. 
R ESU LTS, 1935-36 
There were several occasions during November, 1935, that the tender ve~e· 
tables required protection against frost, but the citrus orchard did not requird 
smudging until December 2 and 3. During thi s night the tem perature droppe 
down to 22°F. in the unprotected area . Changes in atmospheri c conditions d_ur· 
ing the night caused considerable temperature fluctuations and made he~nn~ 
difficult. There was no wind during the night except for slight drifts as 1nd1• 
cared by the clouds of smoke. Undoubted ly the cost of heati ng was too high as 
smudging was done when the temperature was above fr ezing. 
The night of December 21-22 was another difficult period because of adverse 
atmospheric conditions. light breezes were responsible for some of the changes 
12 
1n. temperature during the night. Figure 7 shows the general temperature and 
Wrnd conditions that prevailed. This period of cold was not as dangerous as 
that of December 2-3, but such variable conditions call for very close attention 
throughout the night. Fifty heaters per acre were lit, 25 at 9:30 P. M. and 25 
at midnight. Smudging was done for 9Yi hours, during which time 27 barrels 
of oil were consumed. On nights of this nature the smoke cloud, formed in 
burning crude oil, tends to ri se and does not remain over the orchard. 
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Ficu11E 6. T EMPt RATURE R ECORD IN : CoNNECTION Wnr1 ORCHARD H EATTNC, DECEMBER 2-3, 
1935. THE CosT P ER A CRE W11s 7.00. 
Such varying atmospheric conditions are not always encountered in heating 
orarige groves in Loui iana. Generally, conditions for actuaUy increasing the 
temperature of the orchards are more ideal. Figure 8 shows the temperature 
results obtained on such a night. During this period there was a blanket of 
5n:'~ke directly over the orchard during most of the night, indicating a low 
chrling. The heat was being accumulated to a large extent directly in and above 
t e orchard. This is indicated in the chart below. mudging was necessary for 
ten hours. Twenty-five heaters per acre were lit at 9:00 P. M. and 3:00 A. M., 
respecrively. There was a difference of six degrees F. in minimum temperatures. 
The graphic sketches of temperature recordings as presented are repre-
s~ntative of the variations during the season. The prediction of the type of 
~&ht can not be made with accuracy, but minimum temperatures usually are 
Orecast fairly accurately. Frequently local conditions cause changes that could 
~ot be forecast. The climate in southern Louisiana is influenced in a large 
~gr~e by the proximity of the Gulf of Mexico and the many water surfaces 
P ovi<ltd by lakes and streams. 
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f1c;URL 7. TEMPERATURE R ECORD AND WIND VELOCITY JN ONNECTION WITH 0RCtlARI) 
HEA T ING, D ECEMB ER 21-22, 1935. TnE CoST PER A CRE WAs $5.70. 
The trees in the orchard were kept in good condition, except for a sectioP 
along the border on the north side. ome damage was encountered here be-
cause of experimentation to find out how few heaters it was necessary to use 
on borders. careful check is required around the border in order to prev~t 
cold from coming in. ft has been found advisable to double the border rows 111 
most ca es. 
Table 4 hows the results of heati ng for the season of 1935-36 with refere0 '.t 
to the minimum temperatures in the heated and unheated areas, amount of 0~ 1 
consumed, and the cost of operation. Two hundred and forty barrels of 01 
were u ed in preventing injury to approximately seven acres of orange tr.eeS· 
On e era! occasions go d results could have been obtained with less heaung· 
14 
Hours 
P.M. 
6 8 10 12 2 
40 
:\ 
\ 
"''' \.r ~ ' ..... -- ~-----
' 
20 ,__ ----- Heated area 
Unheated area 
I 
A.M. 
4 6 
I 
8 
if 
,_ ... ,.,,. ___ --~' J 
- ..... J ~ 
FicuR i, 8. ' j UI PERATURE R EADI NGS w 11, 1 R EFERE CJ, To ORCHARD HEATlNG ON DECEMBE\l 
25
·26, I \1 35 . T11E O uTsm E TutPERATUllE DROPPED LOWLY. THE CoST OF HEATING WAs 
5.71 PER ACRE. 
i ABLE 4. RESULTS OF CITRUS ORCHARD HE TING, 1935-36, SHOW-
G MI IMUM TEMPERATURES, AMOUNT OF OIL CONSUMED, 
D THE COST PER ACRE 
Minimum Temperature Oil Cost 
Date 
Consumed per Acre 
Outside In ide (bb/s.) (dollars ) 
Dec. 3 22 27 30 .1.00 
Dec. 5 28 30 14 3.75 
Dec. 14 26 29 10 3.41 
Dec. 21 24 26 27 5.70 
Dec. 23 22 27 27 5.75 
Dec. 25 23 27 27 5.71 
Dec. 27 22 27 20 5.00 
Jan. 21 24 27 13 4.04 
Jan. 31 26 29 23 6.54 
Feb. l 22 26 19 5.63 
Feb. 19 24 26 18 5.50 
Mar. 18 30 34 12 3.50 
Total 240 61.53 
. The total cost of operating for the sea on was 61.53 per acre. There were 
eight nights during which the temperature dropped low enough to partially kill 
Yhu ng trees. This was the first " inter :ifter the trees had been transplanted; 
t erefore, it wa necessa ry to take a little chance a possible. Some of the trees 
Would have been killed completely by the low temperature while the remainder 
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would have been so impaired as to be worthless. 
The cold waves that come down from more northerly sections usually have 
a duration of at least three days. All of the periods are not severe enough to 
require smudging, and in most cases only on one or two nights of such periods 
will orange trees be injured. Generally, there will be about ten or twelve nights 
per year at Belle Chasse in which heating will be absolutely necessary to prevent 
injury to citrus. Farther south in the present citrus area, there probably will be 
only about three to five such nights each year, and the minimum temperatures 
will be slightly higher and of shorter. duration. Table 5 shows the temperature 
recordings for each night that smudging was done wi th the duration. The 
average length of periods of smudging for 1935-36 was 8.7 hours per njght, with 
an average rise in temperature in the orchard of three degrees F. higher than the 
outside temperature. The average length of smudging per night could easi ly be re· 
duced to about eight hours. The five-gallon oil cans will burn approximately 
eight hours, which is about sufficient to last one nig ht. It may be necessary to 
fire additional heaters toward the end of the night to supplement the ones that 
have burned for a number of hours. One hundred heaters have beeri more than 
enough to care for the needs under conditions that prevailed in 1935-36. It is 
desiraUe to have a surplus for emergencies that may arise. 
TABLE 5. COMP AR ISON OF MINIMUM TEMPERA TURES, HEATED 
AND UNHEATED AREAS, AND THE DURATION OF THE PERIODS 
OF HEATING, 1935-36 
HOUR . Durat:on of 
Heating 
Date P.M . 10 P.M. 12 Mid. 2 A.M. 4 A.M. 6 A.M . 8 A.M. (ho11rs). 
----
D c. 3 32 31 35 29 26 33 42 9.5 
28 31 32 24 22 32 42 
Dec. 5 37 32 31 32 35 31 34 8.5 
38 32 28 29 33 30 32 
Dec. 14 34 31 30 29 29 29 35 6.0 
34 30 29 26 27 27 35 
Dec. 21 32 29 32 31 27 31 33 9.0 
32 26 31 30 24 29 33 
Dec. 23 34 31 29 29 27 27 30 9.5 
34 30 25 24 23 22 28 
Dec. 25 32 30 29 29 28 27 35 7.5 
32 28 27 25 24 23 35 
Dec. 27 28 37 36 35 31 30 34 11.5 
26 30 29 27 26 23 34 
Jan. 21 31 29 28 28 28 27 40 9.0 
31 28 26 25 24 26 40 
Jan. 31 33 29 29 29 29 29 34 9.0 
33 28 28 27 26 26 33 
Feb. 1 30 27 26 26 31 35 39 10.0 
30 25 24 23 31 34 39 
Feb. 19 34 33 32 32 31 29 32 9.0 
34 33 31 30 27 25 29 
Mar. 18 4 38 37 36 34 34 50 6.0 
48 38 35 32 30 31 50 
Total Number hours 
-- 104.5 ---
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During the initial season water bottles were placed in trees at one-, two-, 
three-, and four-foot elevations to determine the amount of radiant heat to 
which the orange trees were subjected. These tests also served as a means of 
determining the best position of the heaters in the orchard. It is important to 
know the distribution of heat given off over a period of time in order that the 
maximum amount of heat can be obtained at the period of lowest temperature. 
Table 6 shows that the highest temperature was recorded from four to six hours 
after lighting. Under certain conditions, however, temperature raises of 16 de-
grees have been obtained in two hours after fi ring. There seems to be no differ-
ence in the quantity of radiant heat at the levels tested. 
TABLE 6. THE MEASUREMENT OF RADIANT HEAT IN DEGREES 
FAHRENHEIT, FROM OIL BURNERS PLACED FOUR FEET FROM 
.ORANGE TREES 
Dis ta nee from Number of Hours From Beginning ground 
(/ut) 0 2 4 6 8 
1 32 38 44 42 39 
2 32 38 45 43 40 
3 32 38 44 43 40 
4 32 37 43 43 39 
.The experiment was started at the time the water was frozen and was 
earned over a period of eight hours. There was very little wi nd during the 
tests. The benefi t of radiant heat has been recognized in previous work. It 
shern~ to be especially important when winds prevent accumulative increases in 
t e air temperature. Sections that are subject to windy conditions probably will 
have to rely chiefly on radiant heat for protection. It is believed that this form 
of protection is of more importance than has been supposed . 
R ESULTS, 1936-37 
The resu lts for the 1936-37 season are of particular importance, chiefly be-
cause of the necessity of smudgi ng on many occasions during blossoming time. 
One of the objects of the experiment ' as to demonstrate the possibility and 
Practicability of heating to prevent cold injury to orange blossoms. The tender 
growth and flowers have been injured by 29°F.; therefore, it was necessary to 
heat the orchard when the temperature fell to slightly less than 32°F. The win-
ter Was fa irly mild until February and March, during which time it was nec-
essary to heat on nine occasions. Table 7 shows the results obtained in cost and 
the amount of oil burned during the season. The c~st per acre was $75.19 for 
~he Winter. Three hundred and seven barrels of oil were burned during 86Yz 
ours of operation. The increased oil con•um tion per hour was due to the 
nec
1
cssity of burn ing more heaters to the acre to maintain a temperature suffici-
ent Y high to prevent injury to the blossoms. 
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TABLE 7. RESULTS OF CITRUS ORCHARD HEATING, 1936-37, 
SHOWING MINIMUM TEMPERATURES, AMOUNT OF OIL CON-
SUMED, AND THE COST PER ACRE. 
Date MINIMUM TEMPERA TURES Oil Cost pe r 
Consumed Acre 
Outside Jnside (bb/J.) (dollars) 
Nov. 23 26 29 12 3.20 
Nov. 28 23 26 36 8.55 
Feb. 5 31 33 28 6.93 
Feb. 12 28 32 42 l 0.54 
Feb. 22 29 31 28 7.13 
Feb. 23 29 32 8 2.25 
Mar. l 25 29 25 6.47 
Mar. 2 27 32 52 l l.72 
Mar. 3 29 32 2·"' 6.50 
Mar. 10 29 32 24 5.40 
Mar. 17 29 32 26 6.50 
Total ···········-··-··· .. _ ............ ·-········----·-··307 75 .19 
There could have been a reduction in the cost of heating on some occasions 
but the maintenance of such high minimum temperatures necessarily involves a 
greater cost per unit. The condition of the trees at the time of the freeze will 
determine the temperature level at which an orchard must be kept. Therefore, 
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FIGURE 9. TEMPERATURE R r.cORDS IN ONNECTION WJTll n II RD H EATING, Frn11u1.11v J J. t2 , 
1937. T wENTY-F1vE H EATER P hR AcRF W ERE L 1T AT 8:00 P. M. Wm1 25 Aoo11·10NAL 
0 . Es AT 10:00 P. M. THE CoST PLn A cR1. PER N1cn 1· WAs $10.54. 
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tree dormancy has a great influence on the cost of heating. The cost of $75.19 
Phr acre is probably excessive, unless the price of oranges for the season is higher 
t an average. There is usually a shortage of Louisiana oranges following such 
a spring, but the supplies from other sections of the United States usually are 
stable enough that Louisiana fluctuations do not affect the prices to a large 
extent. 
!he frosts that occurred during February and March were not very severe, 
~ang1ng from a minimum of 25 °F. to 30°F. in most cases; but the trees were in Bil blossom and would not stand below 30°F. without injury to the flowers. 
A.ecause of this critical stage, a high temperature was necessary in the orchard. 
lls an example of excessive cost for a night of heating on the night of February 
-12, 1937, (Fig. 9) the smudge pots were fi red at 8:00 P. M. when the tem-
Phrature in the orchard reached 32°F . The outside temperature recordation at 
td e same time was considerably higher, but the temperature was dropping rap-
1 ly. It appears that local radiation varies considerably, giving rise to added · 
complications. 
Tt is commonly known that the temperature is not always the same in differ-
e~ t P~rts of the field. Sometimes the temperature; drops faster in one section ~ an in another; therefore it is necessary to keep a close check in as many places 
in the orchard as possible. 
t There were several nights during the blossoming season when the tempera-
Ure dropped only slightly below the killing point. These border nights some-
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~:es tend to raise the cost of heating to exce sive amounts, yet only one ex-
Yc s~r to killing tem pera tures will be sufficienr to destroy the flowers and the 
ar 
1 
crop of fruit. Figure J 0 hows the result of heating on such a night. 
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Heaters at the rate of 25 per acre were lit at 11 :30 P. M. and burned until 7:30 
A. M. The cost was $6.50 per acre for the night. Considerable damage to 
flowers would have resulted if heating had not been done. Some of the early 
and late buds would not have been killed, resulting in a partial crop for the 
eason. 
The minimum temperatures for this season were higher than for the 1935-36 
eason, and the duration 0£ the heating periods was shorter, averaging 7.9 hours 
per night. Table 8 shows a compa rison of the heated and unheated areas for 
each night during the season. It was necessary to maintain a higher minimum 
than during the previous year. T he heated area averaged 3.2 degrees higher 
during heating. 
TABLE 8. COMPARISON OF MINIMUM TEMPERATURES, HEATEJ 
A D UNHE TED AREAS, AND THE DURATION OF THE PERIO 
OF HEATING, 1936-37 
Duration of 
HOU RI H eating (ho//l"f) 
Date P.M . IO P.M. 12 M"d. 2 A.M. -! A.M. 6 A.M. 8 A.M. 
Nov. 23 37 32 30 29 29 29 47 
37 32 29 29 27 26 47 7.0 
Nov. 28 28 27 28 26 26 26 30 
25 23 23 23 23 23 30 J 1.5 
Feb. 5 48 44 33 33 37 38 47 
48 45 36 32 31 34 47 6.5 
Feb. 12 32 32 33 32 35 41 46 
35 32 29 28 28 35 41 9.0 
Feb. 22 38 32 33 33 31 33 45 
39 36 33 32 29 29 45 8.0 
Feb. 23 44 38 34 32 34 33 50 
43 38 34 32 31 30 50 5.5 
Mar. 34 33 36 32 29 31 38 
34 33 36 30 28 25 35 6.0 
Mar. 2 36 33 33 33 32 32 45 
36 32 30 29 28 27 45 J0.0 
Mar. 3 38 33 32 32 33 33 45 
38 33 30 29 29 30 45 8.0 
Mar. JO 39 37 33 32 33 33 49 
40 37 33 31 30 29 49 7.0 
Mar. 17 39 34 31 32 31 31 48 
40 34 31 30 29 29 48 8.0 
Total number hours. --··-· .86.5 p 
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RESULTS, 1937-38 
h During the major portion of the 1937-38 season the trees were in a fairly 
ardened condirion. The heati ngs were di5tributed evenly, and there were no 
extremely mild periods Lhat forced the trees into growth. The minimum for the 
~~a;on was 18°F. on the night of December 6-7. The temperature was below 
d F. for 5 Yi hours. Trees in the area that had no protection were badly 
amaged. The temperature had dropped considerably during the previous day 
and a heavy north wind had prevailed. H eaters were lit at the rate of 25 per 
~~~e at 9:30 P. M. when the temperature dropped to 29 Yz °F. This was suf-
i:1ent until about 11 :00 P.M., when 25 additional heaters per acre were lot. The 
d r~er rows were doubled at this time, also. Atmospheric conditions were ideal 
hnng most of the night for the maintenance of accumulative heat in the or-
~h ard. There was very little or no wind. The minimum temperature inside 
e heated area was 26°F., or 8 degrees higher than the outside temperature. 
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Fie R 11 C E · T EMP ERATUR R E ORD JN CoN!>ECTlO'I \ V1TH ORCHARD H EATING AT B ELLE 
liASS E, D F.C U'IB ER 6-7, 1937. F0Rrr-s1x B ARRELS oF CRUD E 01L W ERE B uR ED AND THE 
CosT OF OP ERAT I N G W AS 11 .50 PER CRE. 
111 • . One of the most ideal nights fo
r heating occurred on January 27. The 
T inirnurn outside the area was 23 Yz °F. while that inside the area was 28°F. 
b \Venty-five heaters per acre were lit at 11 :00 P. M. dditional border rows 
rou~ht t.hc total to 35 heaters per acre. The results are shown in Figure 12. 
p eating was necessary during nine nights this season. The minimum tem-
r:ra1ture in the heated area was 26° F. for the entire season. Table 9 shows the 
ans~ ts of heating (or 1937-38 with reference to the amount of oil consumed 
the cost. The lowest cost was 51.96 per acre for the three yea rs. 
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TABLE 9. R ULT OF fTR S ORCHARD HEATING, 1937-38, 
HOWl G MI TMUM TEMPER TURE , MOU T OF OIL CON-
JJatc 
Nov. 21 
Nov. 29 
Nov. 30 
Dec. 7 
Dec. 10 
Jan. 8 
Jan. 9 
Jan. 27 
Jan. 2 
SUMED, D THE OST PER ACRE 
Ml. !MUM TEMPERATURE Oil 
Consumed 
utsidc Inside (hbls.) 
26 28 28 
25 28 25 
27 28 JS 
l 26 46 
25 27 15 
27 30 15 
24 30 25 
24 28 25 
25 28 20 
Total 214 
Cost per 
Acre 
(dollars) 
6.90 
5.50 
3.50 
11.50 
4.00 
3.75 
5.60 
5.75 
4.60 
51.lO 
Heating was necessary 73 hours during the season, and the tempera ture in 
the heat d area a era ed three degrees higher than the outside temperature. fhe 
avt" ~ ge length of the heati ng period was 8.1 hours per night. 
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TA BLE 10. COMPARISON OF MINIMUM TEMPERATURES, HEATED 
AND UNHEATED AREAS, AND THE DURATIO OF THE PERIODS 
OF HEA TI G, 1937-38 
Duration of 
HOUR Heating 
DJ re ------ (hour;) 8 P.M. IO P.M. 12 Mid. 2 A.M. 4 A.M. 6 A.M. 8 A.M. 
Nov. 2l 29 35 35 32 33 31 35 9.0 
29 32 30 29 30 28 35 
Nov. 29 36 32 30 29 29 29 40 8.0 
36 32 30 28 26 26 35 
Nov. 30 36 33 31 30 28 28 40 6.0 
34 31 28 28 27 27 40 
Dec. 7 33 31 27 28 28 27 35 10.5 
30 28 22 20 18 18 27 
Dec. 10 33 32 31 27 31 29 36 7.0 
32 32 31 25 '29 29 36 
Jan. 8 37 33 32 30 29 32 38 7.5 
36 33 31 29 27 32 39 
Ian. 9 37 34 31 30 35 35 46 8.0 
35 30 27 30 34 34 46 
lan . 27 36 35 30 32 34 35 40 9.0 
36 34 25 24 28 28 39 
Ian. 28 33 30 35 33 32 28 38 8.0 
32 27 29 32 32 25 35 
Total ____________________ 73.0 
DISCUSSION 
. Although actual accumulation of heat ha been reported from orchard heat-
~~g projects elsewhere, the major portion of these· report that, except from a ra-
11ant heat effect, heati ng is not very successful when conditions are windy. 
ht Was origina lly thought that wind might prevent the successful use of orchard 
tl~aters i_n Louisiana, but it has been found that cry little wind occurs during 
d e heating periods. As a matter of fact, winds aid in preventing temperature 
~ops on most occasions. The cold wave come in with high winds, but the 
~~n.d velocity is almost negligible during freezin~ temp~ratures. Therefor~, 
nng the three yea rs that the e results were obtamed, wmd was not a detn -
"1~nt~I factor. The freeze of 1899 was accompanied by extremely high winds 
hn . rt is doubtful that freezes of this nature could be controlled by orchard 
eating. 
th T_he weather conditions in South Louisiana are very difficult to predict as 
M~ ~hmate is influenced in a large degree by the proximity of the Gulf of 
f Xico and the many water surfaces provided by lakes and streams. These 
~tors modify t mperature conditions and changes decreasing the range be-
een extremes. During the three winters 1935-3 there was a wide variation 
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in weather conditions. Predicting the amount of heating necessary is as un· 
ce~tain as the weather itself. Trees vary in hardiness from time to time, and, 
as has been pointed out, citrus may grow whenever weather conditions ar.e 
favorable. Under Louisiana conditions, unless the tree dormancy is known, it 
cannot be stated that a tree will stand a definite temperature. It is necessary 
therefore to deal with average conditions. From the three years' results, it ap· 
pears that heating would be necessary about ten nights per year at Belle Chasse 
-sometimes less than ten and in some cases more. 
Jn applying the results at Belle Chasse to the present citrus area, a corn· 
parison of the temperature records for the two areas is necessary. From the 
limatic Survey of the U. S. Weather Bureau for Southern Louisiana it is found 
that the frequency of freezing temperatures in the orange area is much lower 
than at Belle Chasse. The frequency of temperature drops to certain tern· 
peratures is shown in Table 11 . 
TABLE 11. THE FREQUE CY OF CERTAIN MINIMUM TEMPERA· 
TURES AT BELLE CHASSE FOR THREE YEARS 
Temperature 1935-36 1936-37 1937-38 
32°F. or lower 29 22 22 
30°F. or lower 23 18 20 
28°F. or lower 16 10 13 
26°F. or lower 10 5 7 
24°F . or lower 8 2 3 
22 °F. or lower 4 0 1 
20°F. or lower 0 0 1 
At Lawrence, a station located at approximately the most northerly boundary 
of the orange section, the temperature during an average of 22 years dropped to 
32 ° F. or lower .5 times per year, 27° or lower 2.4 times per year 22° or lower 
.6 times, and 17° or lower .05 times p~ year. 
A sl ightly higher minimum temperature would have to be mai ntaine? . i~ 
the orange area •than at Belle ha se, because of the more succulent cond1ao 
of the trees in the winter months. From these temperature statistics it is ap· 
parent that heating at Lawrence or farther south would b ne essa ry about t~d 
to five times per year. No doubt, many year would pass when heating wou d 
be unnecessa ry but chose growers prepared to protect the tender shoots an 
flowers from cold injury would be the ones to succeed. The most dangerous 
time is during the blossoming season when occasionally there are light freefzes 
to the coast; winter freeze low enough to damage large trees are not very re· 
quent. 
The cost of heating operations would not be excessive in the orange area· 
Aside from the investment for equi pment, it is likely that the cost would aver.age 
about 10 to 15 per acre per year. uch an investment for insurance ag~tn~t 
cold is en tirely practical. The average ar:rnua l cost of production in alifornia is 
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aLbo~t. $250 per acre as compared to an estimated cost of $50 or $75 per acre in 
oulS!ana. 
Although the area around Belle .Chasse is known to be colder than the 
orange section, the trees made excellent growth each year and prod uced a fair 
chrop the second year after transplanting. There was practically no damage to 
t e trees due to cold. 
The type of heater used in the experiment has been found satisfactory; 
~h Bell~ Chasse these heaters burn almost as long as the average heating period. 
h e difference between the length of the heating period and the average time 
t at the heaters burn has been taken care of nicely by placing 100 heaters to the 
acre. Lighting new heaters in the early morning hours when the temperature is 
at the lowest point during the night is desirable in many cases. 
h ~ study of orchard heating, or frost protection, involves methods of cooling 
~ e a.ir and the g round at night. The heat from the sun reaches the earth's sur-
. ace tn the form of waves, or by radiation . H eat is also continuously lost to the 
intensely cold upper limits of the atmosphere by radiation. During the day the 
arnount lost by radiation is less than that absorbed from the sun, and the tem-
herature therefore rises. During clear, calm days the radiant heat from the sun 
. eats the ground 's surface until its temperature is higher than that of the air 
tn contact with it. As soon as this occurs heat is slowly conducted from the 
ground into the surface layer of air, which soon becomes warmer than the air 
at hi.gher levels. Warm air is lighter than cold air; therefore, it tends to rise 
and .ts replaced by colder air. A circulation is established, and cool upper air is 
condtrnuously brought into contact with the warm ground, heated by conduction, 
an forced upward. 
h J?uring the heating of an orchard the same principle is involved, except that 
l eat ts furnished from the combustion of some fuel. The warm air rises to the bvel where the air is the same temperature. For this reason it has been found 
fest to .use many small fires rather than a few large one . The explanation is 
nound in the phenomenon of temperature inver ion. Since the coldest air is 
/ar the surface, when this air is heated it will rise only to a height where the t temperature is the same as that of the heated air ' hen it reaches that height. 
ate\ us assume that the temperature is 27° at an elevation of 5 feet, 29° degrees 
u 0 feet, 31 ° at 15 feet, 34° at 20 feet, and 36° degrees at 25 feet. If, by the 
the of many small fires, the temperature in the orchard is maintained at 31 °, 
1 e heaters would be warming the air to a height of less than 15 feet. With the 
sarge heaters much air is heated to a temperature considerably above that neces-
ary and heat is wasted in warming the upper strata of air. 
srn 
1
f xperience has shown that it is easier to heat a large area, although areas as 
th a I as one acre may be heated satisfactorily. Generally the larger the area, 
he bwer the cost per acre. Regardless of the size of the area to be heated, it 
0~5h een found advisable to double the border row o that a suEficient number 
0 ~aters. may be lit to prevent damage around the edges. lso, \ hen the border v~ t.1e windward side of the field is fired first, the drift very often aids in pre-
nting too rapid drops before complete lighting can be accomplished. 
ff heating is attempted on a large scale, provisions should be made to keep 
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a large supply of oil on hand. This can best be accomplished by purchasing 
community tanks. Buying in large quantities probably would lower the cost 
per gallon as well as assure growers of sufficient fuel to meet their needs. Often 
heating may be necessary for two or even three consecutive nights. Obviously, 
oil cannot be bought and placed in heaters in the orchard during the night wh~n 
the killing temperature is likely to prevail. Heaters must be filled and kept ID 
readiness in the orchard throughout the winter. The annual cost of labor and 
the depreciation of heaters and other equipment are therefore rather large. 
Furrher, since it is not possible to know precisely what minimum temperature 
may be reached, or what temperature the tissue at a particular time will with· 
stand, the orchard must be heated on a considerabl.e number of nights during 
which heating will later be found to have been unnecessary. 
fn most cases where experimentation of this nature has been conducted, 
crude oil has been found to be the most satisfactory fuel because of its low cost, 
availability, and ease of handling. Five gallons of crude oil in the paint.can 
heaters burns about seven or eight hours, but may be made to burn longer by 
adjustment of the flame. To offset the rather short duration, more heaters are 
placed per acre. The length of the heating periods at Belle Chasse averages 
slightly more than eight hours, but probably is much shorter in the orange area. 
The majority of the region from Belle Chasse to the present citrus arc a is 
very suitable for orange produCLion, and from these experimental data and the 
knowledge of the weather conditions of the section, it is safe to assume that 
orchard heating for citrus would be entirely practical, both during winter and 
spring months. The cost of operating the first three or four years could be 
partially offset by producing crops between the rows of small trees. Early and 
late crops af snap beans have been found profitable in many seasons. The sec· 
tion is an ideal one for cauliflower, and the protection of the young orange uees 
would likewise prevent injury to cauliflower during the marketing season. 
Easter lilies grow exceptionally well in southern Louisiana and could ~ 
protected from injury by these oil-can heaters. There are numerous crops, in 
addition to oranges, that could be profitably incorporated into such a prograJ1l· 
The investment in 100 heaters per acre, maximum-minimum thermorn· 
eters, lighting cans, and flashlights should not exceed $100 per acre. The~e 
heaters are not sold commercially, but arrangements can easily be made for th.e1r 
construction. The cost of the storage tank will vary with the type and size 
purchased. 
Z6 
SUMMARY· 
( l) The results of citrus orchard heating in Louisiana for three years are given. 
(2) High winds precede or accompany a cold wave, but windy conditions have 
not prevai led during periods in which smudging was necessary. 
(3) The heating of an orange orchard in Louisiana has been found to be very 
successful, both during winter and spring freezes. 
( 4) Orange blossoms have been well protected from freeze injmy. 
(S) The annual cost at Belle Chasse per acre was 61.53 for 1935-36, $75.19 
for 1936-37, and $51.10 for 1937-38. 
(6) The present orange area, according to the temperature survey, would re-
quire smudging from two to five times per year, the annual cost of which 
Would be between $10 and 25 per acre for operating costs. 
(7) ·The investment for the paint-can type of oil heater should not exceed $100 
per acre. 
(8) ~rude oil probably can be purchased at a lower cost in large quanti ties than 
in small quantities. 
(9) Orchard heating is a beneficial practice and ~vill be found to be one of the 
essentials of success. 
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